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abStraCt
Background and Purpose: The pine-tree lappet moth, Dendrolimus pini, is a widely distributed pest in Europe that can 
cause serious needle defoliation on pines, with outbreaks occurring over large geographical areas. In Croatia the presence 
of D. pini was recorded only in the continental part, but not in a high level of abundance, and the outbreak of the population 
has never been recorded so far. 
Materials and Methods: In autumn 2014 an unexpected and complete defoliation on Aleppo pine (Pinus halepensis Mill.) 
occurred in the vicinity of Skradin, near Šibenik, and was followed by defoliation in summer and autumn 2017 in Telašćica 
Nature Park, Dugi otok. Infested areas were inspected and overwintering larvae in soil surface were counted in order to 
estimate the population and assess whether the critical number of the population has been exceeded. Specimens were 
collected and transferred to the Laboratory for Entomological Analysis in the Croatian Forest Research Institute for further 
laboratory analysis.
Results: Since more than 10 larvae per m² of soil surface were found, it was concluded that an outbreak occurred at 
both localities. In both cases natural antagonists played an important role in lowering the pest population. In Skradin, 
entomopathogenic fungus Beauveria bassiana that occurred on the overwintering larvae broke the pest population, and in 
Dugi otok it was recorded, but to a much lesser extent and in combination with Drino inconspicua parasitoid. In both cases 
pines recovered very well in the following spring, with some bark beetle attacks mostly at the edge of the forest.
Conclusions: The outbreaks of D. pini resulting with a total defoliation of Aleppo pine stands, and the fact that they occurred 
in the Mediterranean region which is not an optimal area for its appearance, makes these events unusual. Also, this is the 
first record of D. pini population breakdown by some antagonist.
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intrODUCtiOn
The pine-tree lappet moth, Dendrolimus pini (L.) 
(Lepidoptera, Lasiocampidae), is a widely distributed pest in 
Europe [1, 2]. Its primary host is Pinus sylvestris L., but larvae 
can also feed on the needles of other species, mainly pines [3].
In July, after mating, each female lays 150-250 eggs on 
pine needles, twigs or bark in the canopy. Larvae begin to 
hatch within 1-3 weeks and start with autumn feeding which 
lasts until the occurrence of first frost, when they move down 
into the soil to find a proper site for hibernation. In spring, 
after overwintering, they climb into tree crowns where they 
feed on needles as well as the bark and buds of young shoots 
[2, 4]. One D. pini caterpillar can consume between 600 and 
1000 pine needles through its development [5]. 
Spring feeding has a more damaging effect than the 
autumn one, and there are several reasons for that. First, 
the larvae at this stage are much bigger and consume a 
larger amount of needles. The second reason is that after 
complete defoliation, larvae can devour new needles that 
pines developed, and sometimes even parts of green shoots. 
This significantly weakens the vitality of the host, resulting in 
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tree’s dieback or the attack of secondary pests, most often 
bark beetles. Because of all this, it is extremely important to 
forecast a spring population, which is done by controlling the 
number of overwintering larvae (soil inspection and counting 
of hibernating larvae on a specific surface amount). Based on 
the empirical critical numbers, the answer is given whether 
suppressive measures are needed or not.
D. pini can cause serious needle defoliation, often 
followed by tree death, and its outbreaks can occur over 
large geographical areas [6]. It particularly happens at 30 
to 60-year-old even-aged monocultures on warm and dry 
climatic conditions, where precipitation does not exceed 600 
mm [7, 3].
First reports about mass outbreaks in Europe have been 
recorded at the beginning of the 18th century. Many areas 
dominated by Scots pine in Eastern and Central Europe have 
regular outbreaks of D. pini [1]. For example, between the 
year 1700 and 1929, 77 outbreaks were recorded in Germany 
[8], and several outbreaks have been documented since 1791 
in Poland where more than 200 000 hectares were treated 
between 1946 and 1995 in order to control this insect [2]. 
In the period from 1812 to 1816 about 5 000 hectares were 
defoliated in Norway [9], with the outbreak recurring on 600 
ha in the same area 85 years later [10, 11]. From 1938 to 40, 
an area of 700 ha, dominated by Scots pine, was defoliated 
in west central Sweden [12]. In 2012, on a small island 
called Furuskär in the Stockholm archipelago a severe D. pini 
outbreak was recorded where the largest parts of the island 
were heavily defoliated [2].
In Croatia, D. pini outbreaks have never been recorded so 
far, so unexpected total defoliation it caused on Aleppo pine 
(Pinus halepensis Mill.) and the fact it occurred at localities in 
the Mediterranean region where its presence has never been 
recorded make this events unusual. 
MaterialS anD MetHODS
Outbreak in Skradin
In autumn 2014, several Aleppo pine stands in the 
vicinity of Skradin, near Šibenik, were seriously damaged 
by D. pini larvae feeding on needles. After inspection of an 
infested area, around 400 ha were found to be attacked, 20 
ha of these being totally defoliated (Figure 1).
The first step was to estimate the population density, in 
order to decide whether suppressive measures are needed. 
Estimation of the population was conducted by soil surface 
inspection in order to find and count the hibernating larvae. 
The number of larvae per square meter of soil surface was 
assessed within the wooden frames 33.3×33.3 cm in size. 
The density of larvae was assessed by 108 samples (via 
wooden frames) with the minimum of 5 m distance between 
each, representing in total 12 m² of sampled surface. The 
critical population level number for this pest used in Central 
Europe is 10 larvae per m² (Dr. Katrin Möller, Brandenburg 
State Forestry Center of Excellence, pers. comm. in 2014).
Also, during the process of population assessment a 
large number of dead larvae was found. There were 306 
collected larvae that were transferred to the Laboratory for 
Phytopathology Analysis of the Croatian Forest Research 
Institute for further laboratory inspection. To reveal the 
cause of death, each dead larva was placed on a moist filter 
paper disk in a sterile Petri dish to induce the potential 
sporulation of fungi. The larvae placed into a moist chamber 
were incubated at 24±1ºC, and a photoperiod L:D=16:8. 
After 3-4 days, fungi were isolated from each caterpillar on 
PDA medium, and inoculated Petri dishes were stored at 
controlled conditions described above. Within 2-3 weeks, 
all the cultures were microscopically examined. After 
morphological confirmation, the cultures were sent to 
Marta Wrzosek, Department of Molecular Phylogenetics 
figUre 1. Dendrolimus pini outbreak in 2014 in Skradin, Šibenik.
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and Evolution at Faculty of Biology, University of Warsaw, 
Poland, for molecular identification.
Outbreak in Dugi otok
After the inspection of the protected area of Telašćica 
Nature Park on Dugi otok, Croatia, in August 2017, around 
150 ha of an Aleppo pine forest were found under the 
attack of D. pini, 30 ha out of which were totally defoliated. 
The same approach of population assessment was applied 
for the estimation of this population. Again, 12 m² of soil 
surface was sampled and the average number of larvae per 
square meter was assessed within the wooden frames.
In August 2017, 300+ larvae, and in September 2017, 
around 600 live and visually healthy 3rd and 4th larval instars 
were collected from Aleppo pine branches, trunks and 
the ground around trees in the infested area. Larvae were 
transferred to the Laboratory for Entomological Analysis 
in the Croatian Forest Research Institute, where they were 
incubated under laboratory conditions (L:D=16:8, 23±1°C). 
They were checked on a daily basis for the mortality and 
appearance of parasitoid larvae or fungi mycelium on 
cadavers, and were daily fed with fresh Aleppo pine needles. 
Emerging parasitoids were counted, collected and sent to 
Hans-Peter Tschorsnig, Staatliches Museum für Naturkunde, 
Stuttgart, Germany, for the identification. Sporulating white 
mycelium on dead individuals was microscopically examined 
for the morphological taxonomical identification.
reSUltS
During the D. pini population assessment in Skradin, 306 
larvae were found on 12 m², which means that the average 
number of larvae was 25.5 larvae per m². Since far more 
than 10 larvae per m² were found, the conclusion was that 
the outbreak level has been exceeded in this area, which 
would trigger the necessity for active suppression measures, 
if entomopathogenic fungus B. bassiana had not occurred in 
a large number of cases.
From 306 specimens collected and taken for further 
examination, morphological and molecular analyses 
confirmed the presence of entomopathogenic fungus B. 
bassiana on 301 dead caterpillars, i.e. 98.4% of the population. 
It was also found that one part of the population overwintered 
in the crown and was not attacked by B. bassiana, but during 
the control of the overwintering larvae in spring 2015, a new 
population collapse was recorded on the larvae infected with 
B. bassiana (Figure 2), while the Aleppo pine trees after full 
defoliation completely recovered (Figure 3).
The results from Dugi otok population estimation 
revealed that the average number of larvae per m² was 21, 
which again exceeded the known critical numbers for D. pini 
population, clearly visible in the field by total defoliation of 
Aleppo pines (Figure 4). In this case, larval infection with 
B. bassiana was low, and was recorded on around 1% of 
sampled larvae. 
Parasitism rate on larvae collected in August was 2.8%, 
and it reached 5.6% on those collected in September. On 
average, 3 days after the caterpillar’s death, parasitoid 
dipteran larvae were leaving its host and pupating. It took 
further 10 days on average for the adult flies to emerge. All 
figUre 2. Dendrolimus pini larva covered with white 
mycelium of Beauveria bassiana fungus found on the soil 
surface. 
figUre 3. Recovered Aleppo pine stand after Dendrolimus 
pini defoliation and Beauveria bassiana infestation on 
overwintering larvae in 2015 in Skradin, Šibenik.
figUre 4. Dendrolimus pini outbreak in 2017 around Salt 
Lake, Telašćica Nature Park, Dugi otok.
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of the parasitoid individuals were identified as polyphagous 
tachinid fly Drino inconspicua Meigen (Diptera: Tachinidae). 
The occurrence of superparasitism was recorded in 9 
cases from D. pini larvae collected in September, where more 
than 2 parasitoid dipteran larvae emerged from one infested 
D. pini individual. From 5 D. pini individuals 2 of parasitoid 
dipteran larvae emerged, from 3 of them 3 parasitoid larvae 
emerged, and in one case there were 4 parasitoid larvae 
emerged from one D. pini individual. 
DiSCUSSiOn anD COnClUSiOnS
This research confirmed several unusual phenomena. 
Apart from the fact that Mediterranean Croatia does not 
represent the optimal area for the appearance of D. pini, 
Aleppo pine is not its primary host [3] and so far we had not 
witnessed an outbreak case. Another unusual phenomenon is 
the exceptionally high mortality of the overwintering D. pini 
larvae after Aleppo pine defoliation in the vicinity of Skradin.
In most cases it is hard to explain what triggers a certain 
outbreak, and why it happens in a specific time, place and level 
of severity. According to Lesniak [13], for the rapid spread of 
D. pini the most significant are the meteorological conditions, 
in terms of higher mean annual temperatures (particularly 
those during autumn and winter), lower wind velocities, less 
precipitation, fewer days with snow cover, greater duration of 
summer and vegetation season, and higher frequency of dry 
months. The results of his research also suggested that abiotic 
factors do not affect the pine moth directly, but rather the pine 
moth population dynamics indirectly, through the host plant. 
In addition, high population density of D. pini can also be 
promoted by higher sunshine duration. Increased sunshine 
hours have a positive effect on egg development, as well as on 
larvae vitality due to the increase of feeding intensity. Higher 
survival rate as a result of earlier hibernation ending under 
favorable climatic conditions means avoiding certain risks 
related to overwintering in the soil (e.g. infestation with soil-
borne fungi or bacteria) and can also be attributed to higher 
daily sun duration [14].
Skradin and Dugi otok are located in the middle of the 
Mediterranean region of Croatia (Figure 5), where hot-summer 
Mediterranean climate dominates, and is characterized by 
rainy winters and dry summers.
According to Croatian Meteorological and Hydrological 
Service, the year 2014 in Skradin was extremely warm and 
wet, with an extremely warm winter and higher precipitation 
than usual in autumn and winter. Dugi otok climate in 2017 
figUre 5. Map of Dendrolimus pini outbreak locations.
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was characterized by extremely warm weather with normal 
precipitation, but with extremely dry summer. In both cases 
we can conclude that extremely warm weather probably had 
a great impact on mass appearance of D. pini. Furthermore, 
the fact that both examined sites are dominated by monotypic 
Aleppo pine stands and that trees grown in such vegetation 
composition often do not possess the evolutionary developed 
ecological defense mechanisms to tolerate outbreaks of 
defoliators [15] should also be taken into account. 
The role that natural antagonists played during these two 
mass outbreaks demonstrated their importance and posed 
some new questions. These relate to the possible mechanisms 
and triggers for the increase and breakdown of insect 
populations, such as weather conditions, natural enemies and 
diseases, lack of variability in forest composition or climate 
change.
In the case of Skradin, unusually high infestation of hiber-
nating larvae with entomopathogenic fungus B. bassiana 
on the soil surface (98.4%) resulted in steep breakdown of 
D. pini population. The only comparably known collapse of 
some insect outbreak due to entomopathogenic fungi in 
Croatia is known in the case of gypsy moth (Lymantria dispar 
L.), where highly infectious fungal pathogen Entomophaga 
maimaiga Humber, Shimazu & R.S. Soper (Entomophthorales, 
Entomophthoraceae) caused death of thousands of L. dispar 
larvae [16]. In the case of Dugi otok B. bassiana appeared 
on dead D. pini larvae, but only in 1% of sampled larvae. The 
trigger for unusually high infestation of B. bassiana in Skradin 
probably lies in very wet conditions, which was not the case 
in Dugi otok, and therefore higher B. bassiana infection rates 
were not recorded. Larger numbers of larvae were infected 
with parasitoid D. inconspicua, with 5.6% of population being 
parasitized during the second larval sampling in September 
2017. D. inconspicua is a polyphagous tachinid fly common 
in Europe and northern Africa. As a generalist parasitoid, it 
parasitizes various lepidopteran and several diprionid species 
feeding on a wide range of coniferous and deciduous trees. 
A few minutes after the deposition of eggs on the surface of 
host larvae, the tachinid larvae hatch and bore through the 
host integument. After 9-14 days, 3rd instars of D. inconspicua 
hatch from the host and pupate in the ground, and after 2-3 
weeks, adult flies emerge [17-19]. In Croatia, this species was 
formerly found in Krka National Park, Skradin [20].
This research describes the first outbreaks and population 
collapse reported on D. pini so far in Croatia and might act as 
good reference point for future studies. At the same time it 
is restricted to a more accurate prediction of possible similar 
event that could occur in future. Wider area of the mass 
appearance of D. pini that was in focus through this research 
should be regularly monitored and its evaluation should not 
be left out.
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